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Tliis inviiidoii relates to a microwave ^plicfttpr suitable for heating biologicsd tissue asd a 
. mettiod cf beat treating s«u:&ee tissue. 

The affs^caotB have jffeviously proposed a microwave appUcnttjr for sargxoal use 
, coinprikmg a waveguide of reduced diameter by virtue of containing a dielectric of high 
. pamitfivily. A coaxial eledrical input gieneiates mioiowavea in the TEu mode wthin flie 
dielectric/and these radiate fiom tfie ifetal end fece of the wavegui 

Accsording. to a firet aqwct, the present invention, consists in a microwave appHcator 
compiising a coaxial electrical input and a waveguide filled with (fieleotric, a central 
conductor of the coaxial input exteoding longitudmaJly wifhiaotte end of the waveguide to 
launch nucrowaves in the Wfti mode to ttavd to the distal end fiise of the waveguide so 

• that miowaves are transmitted from the distal end fece when in contact with the 
biological tissue to be treated. 

The TMoL mod© has a field pattern that is a good match with the coaxial inpat, better than 
the ftmd a mffnt al TEit mode more commonly used, and wMeJi ptodnc^ a sin^ple transition 
between the coaxial input and the waveguide. The teuM oojaductor is preferably 
coaxiallj^.' aligned within a circular waveguide and extends a short way within the 
waveguide to match the general dimensions of the wav^de, especially its length and 
diameter, and the pemiittivity of the dielectric and fiequen^ of ite efectdcal input 

the distal end face of the waveguide is pjnefejrably fl^t and radiates microwave energy ivith 
parallel wavefionts that advance mto the biological tissae in contact with the distal end 
fece and have mfnfmu m lataal spreading. The despfb. of peneb^on of the microwaves is 
dej)end«it upon the fteqiienoy and electrical input power, but typically oxify a sroalJ 

• distance of penetration is required for I6cal heat treatment of tissue in micr osurgeiy. In an 
altemative embodiment, the distaJ end fece may be slightly domed and centred on ttie axis 
of the waveguide instead of b^bag flat 
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' AB0^ 4patticulariy important fe*t«w of ihe mveBficm is the AOSAy to aaake use of 
■ resonfflQOO.inliie wavegoid^ so that reflectiaDis ftom the traiositioii at Ihe vapvi end, and 
• ■ " ikean fl» .distal end fece caused by flie dtm&> in didectric a* each, ate out of phase and 
. • • ^erefore; pnhance ftawgxds tranamiasioia when the distal end &ce is in eotttact -wiUx the 
•. biol0^cai;tis8Pe» and ate m phase and fhftrefpie enhance reflection to fb£» coaadal inpa* 
wiiett the distal eod face is out of contact^^^ Hxerefore, naioiowave 

.• eaeacgy ia only transmitted to any appreciable extent fiwm the distal end fece ^en in 
contact TOlii die biological tissue to be treated, and flas is a ke^ 

of opegradoa. 

' • • Accontii® to a second aapeot. the invention consista in a micxowave applicator comprising 
a wave^de. a coaxial elecbdcal iniwt with a central cond^ 

• wiOun oiie end of the wavegnide to launch mictowavee hx die TMbi mode that travel to the 
distal end of Hic waveguide and are tranamitted into WologicaJ tissue to be treated, a 
diapht^ of low loss dielectric material b^g provided within &e wav^uide so as to 
extend laterally of the waveguide to .xeflcot die micrtwaves travelling along it, the 
losngitadiiial location of the di^hragm bcdng selected in iclaiion to die ends of th» 

= waveguide $o that the coherent addition of die lefledwi wsves fiom the >wavesuido 
* jnnctioh^aad die diaphragm combine to aeste a wave vi*ich is of conect magnitade and 

. . phase to .rancd the reflection firom «JS coaxial waveguide janction. 

Pceferal^y, die dnckness of the di£?»hragm and tt» pennittivity of fl» didectric material 
fiwJi whidi die diaphragm is made ai« selected to dete^ 

reflection- of miaovwes ftom die diaphragm &t optimum ciiiceUatitti of die rearward 
.icflecticmin the cosodal u^nit 

Pz^feably. die waveguide is air-filM, «nd die distal end of die waveguide is adapted to 
.contact (or nearly contact) die surface tissue to be treated. 

According to a dnrd ^ect, die invention consists in a meliiod of beat Heating surfece 
tissueW4he mirmw^v^ Bppltcatof of the fii^ or secoml of die invention, die 

distal end fece of die waveguide being broi)«ht into coirfact wi^ 
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. fiw? inventioii will now \>a descnbed by w of escan^le vritb leffeenoe to the 
aixnit^ianying dia^wings. m 

^^^^ " schematic aadal sectxon of a microwave applicator accoiding to a first 
' e«nbo(|imeotoffiieinveatioi]^ 

. Fifftttt 2 ,..8bowg gi;^>h$ of rt£l«oticra wcSEfioiesnt against microwave fi«quency foi tke 
. appKwtto):; of Figure I when the distal end is ia air (graph S) and when in contact with 
. '. Isiological tissue (graph T); 

y^gPTP 3 58 a s(*ematio aidal seotion of a microwave appHeatot acco*diiig to a eecrod 
. ezDhodim^ of the invention; and 

. * • 

FI g ura 4 .16 a schematic axial section of a mica-cwave applicatoi* aciconJfeg to ^ thiixJ 
' embodiffleat. of tlie mvei^^ 

The mi<Aowave applicator of Figure 1 consists of a waveguide 1 focmcd by a cylindrical 
body of ,dieleciric 2 covered ia an outer layer of aluminium foil 3,' and a flexible ooajciaj 
cable input power supply 4 which is connected to the waveguide at one end so that tho 
outer conductor 5 of the coaxial cable is eleotricaUy connected via a feimle 6 to the 
almninii^ t^e 3, and fhe inner conductor 7 of tJie coaxial cable extends axially a short 
distance*; into the dielectric body 2. The distal end fece 8 of the wave^de 1 is flat and ia 
covered;"by a layer of a non-stick polymer coating such as FEE*; 

Typically, for Hiis microwave applicator to operate at a frequency of 9.2 GHz the 
dimensions of the w^eguide are as follows; overall lengfli L « 12.9 mm, diameter D « 5:2 mm, 
/ ^.5.9 mm; and the permittivity of the dielectric body k = 25. The dielectric is typically, 
Hik 500f dielectric material sold by Emerson & Cummings. 

The p^ormanca of the microwave applicator of Fixture 1 at different firequmcies is shown 
by the graphs of Figure 2, in which Graph S shows the variation of reflectian coefficient 
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■ • varifldoo' of lefleodon ooeffidettt S„ vrfbea the distal eaid fece 8 of the appUcator in 
^'.cc«tteCrtwi&bioU:>sLodl tissue Adropinval^eof S„ ixxFigmeZisiiuBcative 

of a godd microwave maioh. whidi ia deaiiy damonsteated in Graph T at tiia designed 
gp««lin^ fteqy««qr of 9.2GHizL Under &e«. conditions, applicator is tfanftnittSne 
.maximum wicrowave aietgy into *e biological tissue; but if the contact wifti the tissue ia 

\ bKtoandthedistaletidfeceisittair* 

' immediately to a inucih lower level as flu. energy is reflected bade to flie cc^ cable input 
'. . po'wcr ttgiply 4. 

It will be appredatfid that a miaowave appKcatar aa shown in Figure 1 can be idalively 
ineKpensive to nwnnfectDie. and can lberefia« be sold as a dispOSJible product for 

inicrosriigeiy. 

• The xi«cn>w*vB^licator Figure 1, being of reduced diameter o 
. i^on. toough a TVocar in laproscopic singory to produce a local healing eflfect in a 
controlled manner adjacent the distal end fice when in contact with bioloffoal mat«od. 
For exan^le, such an :q,pUcator ^ be used to destroy small aurfece tumouia, fer me 
treatmentofovariancanoer.orfhet«atmffltofendometrioaia,oran^ ' 

' The secorid embodiment ofihemv««txon shown in Figure 3 is aimi^ . 
that of Figure 1. and the same reference number* aio used fi>r equivalent canq>onOTt8. 
However, the waveguide 1 comprises a rigid ataminium cyHndrieal wall 3. typicaHy 2 mm 
tMct, and the dielectric body 2 is comjioaed of a hard ceramic material, such as mOl^ 
zircoma whicbhasapermittivilyk-25. This dielecdic materM gives the applica«« an 
^iliiy toi^ndle higher power levels, typically, up to 200 watts, compared wifli apow^ 
level of; say. 45 watte for dxe appUcator of Figure 1. The ^plicato,^ of Figure 3 ia dedgned 
to ope,^ at a lower frequency of 2.45 GHz-, and also has an increased leugthl.- 50 mm 
and diam^D - 20 mm. It wiU.be appi^oiated that ^ <Sm^ D is deu«minedby.the 
•; fi^cbr of opera^n and pemntdvity K. and is selected to.allow treatment of an 
• ^prop^^^^-^i^^f ti^^^<^ the increased a^a compared with Figure 1 being balanced . 



by the i^reased power to pmvide an ^.propriate po w« density at the distal end 8 for the 
tredtmeat intended. 
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. The prbjectiQiL / of tba cwtral oondactor 7 extends 25 mm into the dielectric l^ody 2, and an 
air gzp 9 -15 provided between the oviiex conductor 5 and dielectric of the coaxial caUe intpot 
'4 ami file wavegqidc 1 to allow fhe dialectxic filling of the coaxial cable to expand.. 

The appUcsax^ of Figure 3 with a kcger distal end 8 is mare suitable for tbe treaanent of 
' larger sui&ce biealdng tumours, for example^ pnmaiy and secondary timoura on the liver. 

In an alt^»ative embodiment of fhe iBveaation, evitable for treating smflller Uvesr tntaoonss, 
the fiame confignration as that of Figure 3 i$ need but, the stabilised zitoonia dielectrio is 
replaced ' by alinmn^ having a permittivity K. = 10, and the dimension^ are as 
follows: X IStnm; D « lOram; / llnun; and the operating fircqTiency i? 9-2 GHzu 
This applicator vinSL treat a small area o^f tissue tx&Ji that of Figore 3, bid will cause less 

The udccawEve applicator shown in Figuce 4 consists of an air-fiOed waveguide 1 1 fbimed 
by an ahmnniimi cylmdrical wall 13 wilh an input connection 14 &r a flexible coaxial 
cable ii^nt power suf^ly which' is connected to ihe waveguide at one end. The outer 
ccsxdact^ of tbt coaxial cable is electrically conmected to the wall 13 of the wayeguidet, 
and fhe inher conductor of the coaxial cable h connected to a conductor IS which extends 
axiaUy a ishort distance / into fhe waveguide 11. A Petspex dj^hr^igm 20 is located 
latetatly within die waveguide near fhe open end wifbin a rebated secdoa 21 which spaces 
.it a distance w away from ihe open end 18. The diq>hragm 20 has a ttndkness t 
The operating frequency of the applicator is 7 QBz and the dimensions are 
typically L«108nim; D « 42«onij Z = Unwm; w = Z7.7ram; and t«43nim. These 
dimfflsians axe selected in conjQj^timi with the operating £requancy and pexxnittivity of the 
disqphragni $o ihat when m u$e with ^e open end of the waveguide in contact widi sur&ce 
tissue to be treated, the rearward reflectians of microwaves &om tiie tissue and the 
tnsinsitLoQ between the coaxial cable 14 and wav^ide 11 are substantially cancelled out by 
(he zdaections £kan the diaphragm which reduces refleclions within, the coaxial cable. In 
iMs, balance situations the m^'ority of the microwave eafirgy is then txansmitted to the 
tissue being treated, Inpaxtioxddi^, thethicJcnesstof thedia^ 

k of flie matedaJ of which it Is composed will det^mine the size of rearward reflectioD of 



. : . 6 . 

KUcromu*s fiom it Tte Ioc«ticm of fb^ di«pl«.em 20 .d«Bve to lha of 
waveguide U wflpi. dctenmus the reWive phases of ^ ie«ward re&ec&om of flie 



. micTOwavK. 



A niictowave applfeator soch as ihat of Figure 4 would be amtebte ft* drin treatments swdi 
Hs the ixbato^ut of psoriasis, esp«^aUy because to end of the probe has mnimal coitfact 
^^tUthetissuebeinetteated. Pr^fcrabfy, the edge of the waveguide II at the open end xnay 
be coated or fitted with some other protectioh fcr engagement wiflx the tissue. 



CLAIMS 



A.wicrowave applicator coaprising a coaxial electrical mpyA aod & ^*av^de 
mied with dielecCttc, an inner camUxtor of the coaxial input extending 
lf»*gitndinany within one end oflhe waveguide to 
• nrode to travel to the distal end fece of the wav<^guide so that toiciowaves are 

traasffiiKcd when the distal end fece is contacted by fee bioiogicai tissue to be 

treated. 

A,microwave applicator as claimed in cidm 1 in which the inner conductor is 
axially aligned wifii the waveguide. 

A nuoxjwave apidicator as claimed in olai^ 
ctreular wdvegnidOr 

A ndaowave applfcator as claiined in any one of th^ 

distal end face is subataatialty flat and nomia] to flie axis of the wavcgiridB. 

A ^dcrowave appHcator a$ dai^ned in any one of claims I to 3 in which the dwt^ 
awl face is flat or slightly domed and centred on fhB axis of the wavegra^ 

A nriciowave aj^licator as claimed in any one of the preceding dainw in which the 
distal end face has a polymer coating. 

A ndorowave appHcator as claimed in any one of the prtceding dauns in which the 
Ifflglh and diamet^ of the w»fegoide, «e lengdi of &B hmor ccmductor witMn the 
wwegnidc^. and the pafmiltivity of the didechic material are selected so that at the 
designed operating Sc^iimcy, ibi^ wevegoidc is in resonance. 

A' imcrowa.ve appKcator as claimed hi any one of the preceding claims hi ^ch the 
waveguide is adapted so that m operation, when fhs distal end fece is in contact 
with biological tissue to be tteafed, forwards transmisaxOTfi^ . 
is enhanced by «he relative phase of reflections Scorn the distal end &ce and the 
hipnt to the waveguide; and when the distal end fice is in air or .g«s, teflections to 
the mpot axe enhanced by the i^v« phase of reflections jfrom the distal end fee© 
and the i]:q>ut to the wav^ioide. 



A microwave appH^fltar oonqiriflmg a wavegnwie, a oosadsi eteatrieal Jsapat wife «tt 
inaier conductor e«eading tottgitodinally v/iOmi one end of fl» wvegnide to lanttch 
niiotowaves in iha mx tm)da that travd to il» di^ 

trbsmitted into biological tissue to be tireatad, a di^bagca of low loss didectdc 
niateiiail being provided -within the waveguide sto as to ejttend laterally of the 
•waveguide to reflect tfie microwaves traveffing along it, the longitadinal location of 
the disphiagro being selected in i^aliott to the ends of Uie waveguide so that the 
phas^ of refleotionB fiom the di^hragm and said ends serve to ledooe or cancel 
rearward reflecticais in the coaxial input. 

A naicrowavc appHcator as claimed in claim 9 in ^da. the itoiclaiew of the 
A'^tir^gm, and the pennittivity of the dielectric matOTal from which it is mad© are 
sdleeted to detetmiDie flxs magnitude of the rearward leaection of microwaves Scorn 
the diaphragm for opti«am cancellation of the rearward reflection in the ooastial 
iniput. 

Aaaiccowave applicator as clsdined in claim 9 or 10 which is afar-filled. 

A method of heat treating surfece tissue using fee microwave plication of any one 
of claims 1 to 8 in ^ch the end See of the waveguide is brought into contact wife 
the surface tissue. 

A metbod as claimed hi chum 12 m whi<ai the surfece tissue is internal tissue and 
the applicator is inserted into a body far treatment. 

A meihod as claimed hi daim 1 3 in vMdb. the msertion of ifae qiplicator is via a 
Trocar. 

Amctiiod as olainjed hi claim 12 m which the surfece tissue is &e external sldn of 
the body. 



msmss: 



ABSTRACT 



A ndcxowsve applicator oompdsixtg a coaxial electdcal ixiput (4)an.d a wav^^uide CI) filled 
with diejlectdc Cl% an ixmer ccmductor (7) of flie .coaxial ixiput extendixxg longitudinally 
wilidn pne end of tiie waveguide to laimch micx)0w$rvc5 in ^e TMoj mode to travel to tiie 
distal eod &C6 (8) of the waveguide $o fbst micDSwaves are traDSznitted when. distal end 
&ce h cocytacCed hy the 1>iok>gioal tissue to be treated. 
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